The crystal structures of two new reduced cesium tungsten oxides are reported. Along with the previously reported compound Cs6W11O36 , they represent several members of a homologous series of layer compounds between the hexagonal tungsten bronze and pyrochlore structure types. The series formula is [A] Cs2nW4n-1O12n , where n -1 is the number of pyrochlore layers.
Introduction
The alkali tungsten oxides with the hexagonal tungsten bronze crystal structure are well known oxide superconductors (see, for instance [1] [2] [3] . Superconductors of this type are known for A x WO 3 , where A = K, Rb, and Cs, and 0.16 x 0.33, with T c 's in the range of 1 to 7 K. Although recent years have seen an explosive growth in the number of known copper oxide superconductors, the number of noncuprate oxide superconductors remains relatively small. We therefore investigated the A 2 O-WO 2 -WO 3 chemical systems, for A = Li, Na, K, Rb, and Cs, to look for previously unreported phases. In the Cs 2 O-WO 2 -WO 3 system we found the two new phases Cs 8.5 W 15 O 48 and CsW 2 O 6 , and we report their crystal structures here. Polycrystalline samples of both compounds were found to be nonsuperconducting down to 1.8 K.
Synthesis
Starting materials for investigation of the Cs 2 O-WO 2 -WO 3 phase diagram were Cs 2 WO 4 , WO 2 , and WO 3 . Single phase Cs 2 WO 4 was prepared from CsNO 3 and WO 3 in air by heating at 550 and 650°C for 1 hr, with intermediate grindings, and then heating at 775°C overnight. Single phase WO 2 was prepared from WO 3 by heating in forming gas (95% N 2 -5% H 2 ) at 500°C for 2 hr and then 700°C for 12 hr. Cs 2 WO 4 , WO 3 , and WO 2 were then mixed and ground in appropriate proportions in 1.5-g 0.5-in. diameter pellets half of which were wrapped in Au foil, put into a closed ended quartz sleeve, and then into an evacuated quartz tube 4 in. in length, 0.5 in. in diameter. Samples were heated for 16-40 hr at temperatures between 700 and 750°C. Reaction was generally complete after the first 16-hr heating. Frosting of the quartz sleeves indicated that some alkali was lost during the reaction. Twenty compositions were studied for Cs 2 Note. u22 = u11 , u23 = u13 . Anisotropic temperature factors are of the form -2π 2 (h 2 u11a* +---+ 2hku12a*b* +---).
Structure Refinements
The crystal structure of Cs 8.5 W 15 O 48 was determined on a small single crystal mounted on an Enraf-Nonius diffractometer (graphite monochromated MoKα radiation) controlled by the NRCCAD program (7). The crystallographic cell was found to have rhombohedral symmetry, spacegroup R3m. Cell parameters a = 7.270 and c = 73.63 Å were obtained by determining the absolute 2θ values of 24 reflections in the range of 40° to 50° and applying a least squares refinement. The data collection parameters are given in Table I . The refinement converged to a very good agreement index (R W = 0.030 for I hkl > 2.5σ). Final structural data are presented in Tables IIa  and IIb . Metal-oxygen bondlengths are given in Table III . The tungsten-oxygen coordination is octahedral. Note that although there are irregularities in the W-O bondlengths, the deviations of the octahedra from regularity are relatively small. (8), with the difference that in the present case an additional 0.5 Cs per formula unit is included in the structure. Inspection of Fig. 2 shows that in the first layer the WO 6 octahedra are arranged ex- 
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Note. Biso is the mean of the principle axes of the thermal ellipsoid. ered fragment of the pyrochlore structure, which is the principle for the homologous series. The cesium atoms occur both inside the pyrochlore-like cavities within the layers and as spacers between the layers (Figs. 3 and 4) . One of the cesium sites (the middle one) between layers is only half occupied. No superstructure was observed in the single crystal diffraction patterns. If ordering does occur between filled and empty sites, it is short range in nature; otherwise the sites may be randomly occupied.
The conventional powder X-ray diffraction pattern of CsW 2 O 6 was easily recognized and indexed on a cubic F-centered cell of the Pyrochlore type (Table IV) and small atom positions respectively (9) . For Cs based pyrochlores the Cs is expected to occur in the center of the pyrochlore cavity and thus the [AO] set of sites (A centered in the hexagonal rings) are expected to be vacant, yielding an expected stoichiometry of CsW 2 O 6 .
The crystal structure of the Cs-W-O pyrochlore was determined by X-ray Rietveld refinement. The data collection and refinement parameters are presented in Table V . As a small amount of W metal was also present in the pattern, the two crystal structures were refined simultaneously. Refinement was carried out by using the GSAS system of programs (10) .
The crystal structure of CsW 2 O 6 is the classical AB 2 O 6 pyrochlore type. Cs is found veals that they form part of a homologous series of compounds intermediary between the hexagonal tungsten bronze and pyrochlore structure types. The basic structural element is the double layer which is made up of the HTB layer plus the neighboring "lying down" octahedra layer described with reference to Figs. 2, 3 , and 4. This double layer, which is a layer of pyrochlore structure, is stacked along c in a series of rhombohedral or hexagonal phases, where the number of these pyrochlore layers which is stacked before an alkali oxide layer is encountered is variable. The structural principle is illustrated in Fig. 5 ). They are members of a larger homologous series which appears to have never before been described. We have not yet isolated them in the appropriate form to study their resistivities but they may be metallic conductors. Powders of both materials were cooled to 1.8 K in a SQUID magnetometer to check for superconductivity but none was found.
Thus although the HTB type Cs x WO 3 is superconducting, this appears not to be a general characteristic of reduced tungsten oxides. Further work in this series of layered compounds may yet reveal interesting physical properties such as CDW formation or superconductivity.
